Objectives: To identify managerial and organizational characteristics of multi-specialty medicine wards and individual characteristics of health professionals that are most strongly associated with clinical practice guidelines (CPG) adherence. Design: Cross-sectional stratified cluster sample design. Setting: Data were gathered from 36 randomly selected multi-specialty medicine wards. Participants: The study population included all health professionals involved in patient care working in the participating wards. Main outcome measures: The degree of CPG adherence was measured using clinical vignettes on three topics: pain management, managing heart failure and managing diabetes. Responses from each professional to each clinical case were quantified using a 10-point scale. Managerial and organizational characteristics of medical department and individual characteristics of health professionals were obtained using three questionnaires. Results: The study sample consisted of 859 professionals (362 orderlies, 361 nurses and 136 physicians). Factors independently and positively associated with CPG adherence were (i) individual factors: low age of professionals, expertise in diabetology and activity in cardiology; (ii) organizational and managerial factors: good understanding between physicians and other personnel; and (iii) structural factors: computer-based test results and prescriptions, presence of medical specialists, inter-department mobility of orderlies, medium-length stay (between 7 and 10 days) and large bed capacity. Conclusions: Good CPG adherence in general medicine needs institutional dynamism, availability of clinical competence and team culture based on cooperation.
Introduction
Many clinical practice guidelines (CPG) are produced and disseminated, yet their implementation into daily practice is often confronted to adherence issues. Since many years, CPG adherence has been shown to be associated with practice improvement [1] and its link with care effectiveness and efficiency has been underscored [2, 3] . To identify potential levers to integrate CPG into routine practice, studies have analysed barriers and facilitators to their implementation [4, 5] . These factors have been grouped into four categories: factors related to guidelines, individual factors, the health professional human environment, and organizational and managerial environment [4, 5] .
Studies using both quantitative and qualitative methods have clearly identified organizational and managerial factors favouring CPG adherence [6] [7] [8] [9] [10] [11] [12] . While qualitative methods do not quantify the strength of the relationships, quantitative methods have often analysed the role of a small number of organizational factors, thus limiting the scope of the study. In many studies, the analysis was carried out in association with the application of a specific CPG [9, 11] , thus bypassing analysis of factors that could be relevant for all CPGs.
The strength of the link between organizational and managerial context of hospital wards and CPG adherence needs to be quantified, to be able to prioritize relevant factors and target action. Lastly, although it has been shown that individual factors can influence the extent of CPG adherence, their role in the relationship between managerial and organizational contexts and CPG adherence should be studied.
French teams with research experience in assessing health system performance and in hospital management carried out a national project entitled ThéOReM (Organizational Theories Recommendations and Management), financed in part by the French National Authority for Health (HAS). The aims of this research project were to identify the managerial and organizational characteristics of multi-specialty medicine wards and the individual characteristics of health professionals of these wards most strongly independently associated with CPG adherence.
Material and Methods
The ThéOReM project was a cross-sectional study simultaneously measuring in general multi-specialty medicine wards [13] , descriptive elements of managerial and organizational aspects of wards, individual characteristics of the professionals from the wards and the degree of CPG adherence (Fig. 1) .
Sampling
Data were collected in five French regions: Aquitaine, Bretagne, Franche-Comté, Poitou-Charentes and Rhône-Alpes, representing a population of 10 millions inhabitants. The study population consisted of all professionals involved in patient care in the participating multi-specialty medicine wards (physicians, nurses and orderlies), during daytime or at night, and whatever were their status and seniority. The following were excluded: trainee nurses and orderlies, physicians who were working only temporarily in the ward, other paramedical personnel (physiotherapists, psychologists, etc.), and professional staff on extended leave. In France, multi-specialty medicine wards are found in all hospital types, treating adult patients with non-surgical disorders.
The group of participating wards was randomly chosen in each region, using a stratified cluster sample design. Four strata were defined, according to the type of hospital: (i) 'university hospitals'; (ii) 'large public hospitals', defined as non-university public hospitals with more than 350 beds; (iii) 'small public hospitals', defined as non-university public hospitals with fewer than 350 beds; and (iv) 'private hospitals'. If a hospital declined to participate, a new one was selected in the randomization list until there were enough hospitals in each stratum.
Assessment tools
Data was collected using two organizational and managerial questionnaires and one individual questionnaire ( Table 1 ). The two organizational and managerial questionnaires, addressing organizational culture (OC) and organizational facts (OF), were produced and validated by a multidisciplinary working group, following an in-depth review of the literature [5, [9] [10] [11] [12] (Fig. 1) .
The OC validated questionnaire was administered individually to health professionals and assessed their perception of the way the ward operated; it included 83 items covering 6 dimensions [14] . The OF questionnaire, developed following an in-depth review of the literature on all organizational factors associated with either performance or CPG adherence [10] [11] [12] , assessed the staff collectively on factual aspects of ward, hospital organization and management. It was tested on a dozen wards in both public and private hospitals. All individual factors identified from the literature review as being associated with CPG adherence were assessed by the individual factor questionnaire [5] . This questionnaire explored expertise in diabetology and in cardiology, defined as either specialization in diabetology or cardiology for physicians, or current/previous activity in diabetology or cardiology wards for nurses and orderlies.
The degree of CPG adherence was measured using evidencebased clinical vignettes including a presentation of the clinical situation, followed by three open-ended questions. Vignettes covered three frequent, variable and improvable practices in multi-specialty medicine wards: pain management, management of heart failure in elderly patients, management of type II diabetes. These clinical situations are also managed by physicians, nurses or orderlies, each profession having its specific national guidelines. For each clinical theme and professional category, two vignettes have been created (vignettes numbers 1 and 2), then tested on practising professionals from public and private structures which were not part of our study sample and who had not worked on producing the vignettes. Three examples of clinical vignettes are presented in a Supplementary file.
Data collection
Each included professional was asked to analyse one randomly chosen vignette for each practice, and fill the OC and individual factors questionnaires. The OF questionnaire was completed collectively, by a group including the ward head senior physician, the nurse manager and some health care professionals. Data collection was organized in such a way that complete confidentiality was guaranteed.
The clinical vignettes were completed immediately after they were given out and collected as soon as they were filled in.
Statistical issues
Sample size calculation Sample size has been calculated considering cluster effect to show a difference on CPG adherence of 30% (between 60 and 30%) between departments expressing either high or low exchange between professionals [13] . With a two-sided type 1 error of 5% and a power of 80% for a chi-squared test, the estimated sample size was 84 professionals (without cluster effect). Considering cluster effect (25 professionals by cluster; intracluster coefficient of 40%) number of professionals to include was of 891.
Statistical analyses
Three mean response scores standardized on a scale of 10 (1 for each topic) were calculated to quantify the professionals' responses to each vignette. We used three multivariate linear mixed models to identify factors associated with CPG adherence for each clinical vignette. The explained variable was the level of CPG adherence measured by three scores (one for each clinical topic) considered jointly in one multivariate model. Variables from the OC, OF and individual factors questionnaires were potential explanatory factors. Variables with more than 20% missing data were excluded. The final model was obtained by applying the backward modelling strategy. A zero model was determined after determining adjustment and confounding variables and testing random effects. Next, potentially explanatory variables were integrated into the zero model one by one. Some variables from the OF questionnaire could not be introduced because of the poor validity of responses obtained. These variables described the ward organization in relation to its openness to innovation, its ability to offer training programmes, the involvement in projects to improve care and the presence of figures of excellence.
The Wald test was used to determine significant variables at the 25% threshold. A likelihood ratio test showed whether the effect of each variable was overall or specific to one of the three scores. When the effect was global, a single regression coefficient was calculated for the corresponding variable; when the effect was specific to one of the three scores, a regression coefficient was calculated for each score, corresponding to a clinical topic (heart failure, diabetes, pain). All the significant variables for the simple analysis were put into a multiple model. Variables that were non-significant at the 5% threshold were eliminated one by one. Concerning the variables in the OC questionnaire, all variables from a sub-dimension were selected if at least one was significant. Goodness of fit of the final model was tested by analysing the residuals. Analyses were carried out using SAS 9.2 software.
Results

Description of the sample
In total, 36 multi-specialty medicine wards in 33 hospitals (7 university hospitals, 9 large public hospitals, 14 small public hospitals and 6 private hospitals) participated. The study population included 1 081 professionals (176 physicians, 440 nurses and 465 orderlies), of whom 859 (136 physicians, 361 nurses, and 362 orderlies) completed the OC and individual questionnaires, and analysed three vignettes. Questionnaire response rates were 79% for the individual questionnaire, 80% for the CO questionnaire and 81% for the clinical vignettes, and varied between 77 and 84% for the three professions. The sociodemographic characteristics of the study sample are given by professional category in Table 2 . Results of OC and OF questionnaires are given in tables in Supplementary files. All these variables were incorporated into the model.
Clinical scores
Mean vignettes scores varied between 2.7 and 7.0, according to professional categories and topic (between 5.0 and 7.0 among orderlies, between 5.4 and 6.1 among nurses and between 2.7 and 6.9 among physicians) ( Table 3) .
Factors associated with clinical scores
The zero model showed a significant random effect and integrated vignettes number and professional categories as confounding variables. The effects of these variables differed according to the clinical theme of the vignettes scores, leading to three different estimates.
Hospital type was included as confounding factor with an overall effect for the three scores.
In univariate analyses, 110 questionnaire items were potentially associated with CPG adherence (Supplementary file). The model obtained at the end of the ascending strategy included 54 items and covered 397 professionals. The final model included 15 factors identified as being associated with a better level of CPG adherence (Table 4) . Analysis of the residuals ensured the goodness of fit of the model.
Among individual characteristics, a low mean age (β = −0.02) and high proportions of professionals who said they worked regularly with cardiac patients (β = 0.80) and had some expertise in diabetology (β = 0.80 for the type II diabetes score) increased CPG adherence.
Among structural characteristics, there was better CPG adherence in wards with a large bed capacity (β = −0.56 for 20-40 beds compared with 40-60 beds), a moderate mean length of stay (LOS) (β = 1.14 for 7-10 days compared with more than 10 days), computerized prescriptions (β = 0.85) and test results (β = 0.74), at least one geriatrician available in the ward (β = 1.30), a high proportion of specialists compared with the total number of physicians in the ward (β = −2.66 for 0% compared with 100%) and <100% of orderlies who are permanent employees compared with the total number of orderlies in the ward (β = 2.44 for <50% compared with 100%).
Among OC characteristics, the wards where CPG adherence was the best are those with professionals staff not worried about work at home in the evening (β = 0.20), not reporting competition between physicians (β = 0.21) and where other professionals had great respect for physicians (β = 0.28). The wards with the lowest CPG adherence scores were those with a senior physician who stimulates or motivates (β = −0.19) and with conflict management resolved by considering all points of view to reach consensus (β = −0.19).
Discussion
This study has analysed the organizational and managerial factors in multi-specialty medicine wards and individual health professional factors associated with CPG adherence assessed by clinical vignettes. CPG adherence was considered as an overall dimension, independently of the clinical topics. This was possible using a multivariate statistical model. We also analysed simultaneously the role of all potential organizational, managerial and individual factors, in taking into account hospital type, health care categories and vignette number effects. This global analysis enabled us to prioritize factors and identify an organizational and managerial profile of wards that could promote CPG adherence in taking into account the role of individual factors; this optimal organizational and managerial ward profile combines: (i) a good level of investment in equipment, especially computerized tests results and prescriptions; (ii) clinical competence via a strong presence of medical specialists and a wealth of clinical expertise; and (iii) team culture based on cooperation (absence of competition between physicians, respect from paramedical for physicians).
Strength of the study
This was a large sample of 859 health professionals from a representative group of 36 general multi-specialty medicine wards drawn at random from five regions in France. Through good coordination of data collection at regional level, we were able to obtain an excellent response rate and few missing data. Strict confidentiality was applied when collecting data, which was important for the organizational culture questionnaire. The clinical vignettes have been given out in a standardized way in all wards. The questionnaires were produced after a systematic review and were tested on a similar population of health professionals. The organizational culture questionnaire underwent statistical validation and demonstrated its reliability [14] .
The degree of adherence to CPG was measured using clinical vignette scores. It is a simulation method, rapid and well-accepted by professionals. Clinical vignettes simulate patient clinical situations and can be given to professionals to measure their ability to evaluate, diagnose and manage specific conditions. Vignettes are distinct from other quality measurement of clinical practice in that they do not focus on a single task, or even a limited set of tasks, but instead evaluate a comprehense range of skills involved in caring for a patient. They were shown to be accurate to assess professional practice [15, 16] , and much more accurately than declarative studies that are known to overestimate quality of care level [17] . Vignettebased surveys produce even better measures of quality of care than medical record reviews when used to measure differential diagnosis, selection of tests and treatment decisions [18] [19] [20] . Validity was reinforced by the real-time completion, reducing the risk of bias. The open-ended format was the best to avoid practice quality overestimating [21] . The method used to score the responses, based on explicit evidence-based criteria, produced what was expected.
Comparison with the literature
The organizational and managerial factors that ThéOReM found to be associated with CPG adherence are coherent with data in the literature. Mannion et al. [6] demonstrated the link between the Most represented medical specialities were cardiology (19.8%), geriatrics (13.2%), internal medicine (13.2%), and also though to a lesser extent, nephrology (9.9%) and hepato-gastro-enterology (9.9%). Doctors' positions were distributed as follows: department head doctors (13.2%), university professors (PU) or university professors/hospital clinicians (PU-PH) (36.4%), attendants (5.4%), consultants (3.1%), interns (17.1%), clinicians on salary (10.9%), private practitioners (14.0%). existence of a structured information system and hospital performance [22, 23] . Clinical expertise and specialization have on many occasions been identified as favouring CPG application [24] [25] [26] [27] . Many studies have shown that a closely knit team, working together, with a strong sense of group culture is linked with a good level of CPG adherence in different clinical areas, also in the clinical theme considered in ThéOReM study (Pain management, Management of Diabetes) [28] [29] [30] [31] . While group decision-making have been widely identified as a performance-related factor in the literature [32] , this item did not Table 4 Regression coefficient (β) and P-value for factors associated with CPG adherence in the final model (n = 397). β and P-values in bold correspond to a statistically significant association. *Scores differed for the different topics: β = 0.43 and P-value = 0.08 for heart failure; β = 0.80 and P-value = 0.007 for diabetes and β = 0.60 and P-value = 0.052 for pain management.
show up in our analysis. It is however included in the concept of team culture, an item that showed up clearly in our analysis as being associated with CPG adherence.
We found that the presence of a stimulating and motivating head of ward was associated with lower clinical scores. This result contradicts the literature [6, 8, 23, 26, 33] , where a strong departmental leadership has been shown to be associated with better intermediate results in care and better results of accreditation [6, 24] . Leadership plays an important supportive role. Nevertheless it is not clear what exact style of leadership will promote or discourage compliance with CPG [33, 34] . Our results in ThéOReM study can be explained by a bad understanding of the term of leader in the OC questionnaire. Some health care professionals were confused in their answers, because they did not know whom the term of leader was addressed to. This difficulty seems to have been more frequent in nurses and oderlies (cf Supplementary file-between 30.3 and 38.9% of oderlies and nurses having given response 3 at all the items of the dimension) than by physicians (more than 30% of them having given the response 3 to only 4 items of the dimension).
Limitations
If the vignettes measured attitudes of professionals rather than their actual practices, there is a risk of overestimating the quality of practices, as the responses given are not inhibited by any of the constraints of everyday practice. For this reason, Peabody and Dresselhaus [18, 35] point out that the vignettes cannot be used to measure individual performance. They can assess the quality of care in a group, and study variations within this group, to understand the performance of an organization, identify means of improvement and assess the impact of intervention.
Cardiac failure and pain management vignette score means were much lower among physicians than among nurses and orderlies. These results, found for the two vignettes of each topic, may indicate low performance. Questions asked in these vignettes addressed mainly drug prescriptions, for cardiac failure management, pain prevention or management after stroke and were based on recent guidelines. Contrarily to nurses or orderlies in such situations, multi-specialty medicine wards physicians may call on specialists to manage these conditions, also diagnosed and treated in specialized wards, and may not always manage them on their own. Vignettes may not give clinical information enough to allow physicians take the right decision in such complex situations.
Our study results are based on quantitative analyses. Qualitative analysis could have been realized to explore more at depth some results, particularly those on the role of leadership that are contradictory with the literature.
Conclusions
The most important issue in hospital management is to be able to carry out organisational actions as a lever to improving performance. ThéOReM shows that better computerization of wards and hospitals is a structural element that should be developed. ThéOReM also shows the advantages of developing applied training programmes to improve clinical expertise. ThéOReM also highlights the fact that actions to promote team work and cohesion between the professionals in a team are to be encouraged. Some of these interventions are clearly needed for construction and for impact evaluation.
